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(54) Accelerated measurement of bit error ratio 

(57) The bit error ratio of digital data transmission 
equipment is measured by applying a bit error ratio test 
data stream to a signal path through the equipment, and 
coupling an interfering signal source into the signal path. 
Measurements of the bit error ratio of the equipment are 



acquired for different levels of interfering signal, and the 
gain, error introduced by coupling the interfering signal 
source into the signal path is determined. The bit error 
ratio of the equipment in the absence of the interfering 
signal is estimated from the measurements of the bit er- 
ror ratio and the gain error. 
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Description 

Technical Field 

[0001 ] This invention relates to measurement of bit er- 
ror ratio (BER) in data transmission components and 
systems, and in particular to methods and apparatus for 
accelerating measurement of BER for components and 
systems which have a relatively low value of this param- 
eter. 

Background Art 

[0002] In designing, manufacturing, deploying and 
maintaining data transmission systems, it is important 
to be able to test and measure various operational pa- 
rameters. The accuracy of the measurements must be 
sufficient for the purpose for which they are made, but 
it is also desirable for the time taken for each measure- 
ment to be as short as possible, both for the sake of 
speed of the process involving the measurement and to 
ensure the measurement is available when it is required. 
[0003] One fundamental measurement in digital data 
transmission systems is bit error rate or ratio (BER), 
which is the number of erroneous bits in a digital data 
stream divided by the total number of bits transmitted, 
received, or processed over some stipulated period. As 
the data rate of transmission systems increases, it is typ- 
ically necessary to reduce the BER of the system, so 
that the absolute number of errors does not also in- 
crease to an unacceptable level. 
[0004] However, this in turn raises a problem with re- 
liable measurement of BER at very low error ratios. In 
order to obtain a statistically meaningful and therefore 
useful measurement, it may be necessary to wait a pro- 
hibitive length of time until sufficient errors have oc- 
curred and been measured. For example, at a data rate 
of 1 0 Gb/s and a BER of 10' 14 , a measurement requiring 
accumulation of 15 errors may take over a day and half 
to complete. 

Disclosure of Invention 

[0005] According to one aspect of this invention there 
is provided a method of measuring bit error ratio of dig- 
ital data transmission equipment, comprising the steps 
of: 

applying a bit error ratio test data stream to a signal 

path through the equipment; 

coupling an interfering signal source into the signal 

path; 

acquiring a plurality of measurements of the bit error 
ratio of the equipment for a respective plurality of 
interfering signal levels; and 
estimating the bit error ratio of the equipment in the 
absence of the interfering signal, from the plurality 
of measurements of the bit error ratio and incorpo- 



rating compensation for gain error introduced by 
coupling the interfering signal source into the signal 
path. 

5 Brief Description of Drawings 

[0006] A method and apparatus in accordance with 
this invention, for measuring BER at very low error ra- 
tios, wili now be described, by way of example, with ret- 
10 erence to the accompanying drawings, in which: 

Figure 1 is a block schematic diagram of a known ar- 
rangement for measuring BER at very low 
error ratios; and 
is Figure 2 is a block schematic diagram of an arrange- 
ment for making such measurements in ac- 
cordance with this invention. 

Best Mode for Carrying Out the Invention, & Industrial 
20 Applicability 

[0007] Figure 1 shows an arrangement for accelerat- 
ed measurement of BER in digital optical transmission 
systems, using a sinusoidal interference method. This 

25 method is described in more detail by P. Palacharla, J. 
Chrostowski, R. Neumann, and R.J. Gallenberger in pa- 
per entitled Techniques for accelerated measurement 
of low bit error ratios in computer data links", Proceed- 
ings of the IEEE Fourteenth Annual International Phoe- 

30 nix Conference on Computers and Communications, 
Scottsdale, AZ, March 28-31, 1995, at pages 184-190, 
and in Standards Proposal No. 3696 dated May 26, 
2000 of the Telecommunications Industry Association, 
"Accelerated Measurement of BER and Q-Factor in Dig- 

35 ital Optical Transmission Systems Using the Sinusoidal 
Interference Method". 

[0008] Referring to Figure 1 , a BER transmission pat- 
tern generator 10 supplies a test data signal to a laser 
transmitter 12. The optical output of the laser 12 is 

40 passed through an optical attenuator 14 and an optical 
combiner 1 6 to a photodiode optical receiver 18. The 
electrical output signal from the photodiode 18 is sup- 
plied to a BER receiver and error detector 20, which op- 
erates in known manner to derive a desired measure- 

45 ment of the BER of the data transmission link between 
the laser 1 2 and photodiode 1 8. In practice the BER gen- 
erator 1 0 and the BER receiver 20 may be combined in 
a single piece of equipment. 

[0009] A sinewave generator 22 supplies a sinusoidal 
50 modulation signal to a second laser 24 which generates 
an optical interference signal that is added to the optical 
output from the laser 1 2 by the optical combiner 16. The 
addition of the interference signal increases the BER of 
the data transmission link in a controlled manner, ena- 
55 bling a measurement of the increased BER to be ac- 
complished in a time which is sufficiently short for the 
measurement to be useful. The actual, very low BER of 
the link (absent the interference signal) can then be es- 
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timated by extrapolation. 

[0010] Figure 2 shows a modification, in accordance 
with this invention, of the arrangement of Figure 1, ap- 
plied to the testing of an optical interface 112/118 of an 
optical multiplexer. Items in Figure 2 which correspond 
to those in Figure 1 have corresponding reference nu- 
merals, but increased by 1 00. In addition to these items, 
a switch S1 is interposed between the sinewave gener- 
ator (synthesiser) 122 and the second laser 124. A sec- 
ond, variable optical attenuator (VOA) 126 is placed be- 
tween the laser 124 and the optical combiner 116, and 
is coupled to the combiner by another switch S2. A 90: 
1 0 optical splitter 1 28 is inserted in the data transmission 
link, after the optical combiner 116, and feeds 10% of 
the optical signal power to a power meter 130. A 90:10 
splitter is preferable to a 50:50 splitter, in order to mini- 
mise the signal loss in the main signal path. 
[0011] The optical multiplexer is configured in "mir- 
rored mode w , such that data received on the input port 
being measured is regenerated and retransmitted out of 
another port of the multiplexer, with any bit errors being 
unaffected. 

[0012] The modified arrangement can be used in two 
different ways: Method 1 (which is more complex) meas- 
ures gain error introduced by the additional disturbing 
laser 1 24; Method 2 automatically cancels the gain error 
as part of the measurement process. 

Method 1 

[0013] Method 1 sets the modulation applied to the 
second laser 1 24 to the desired level to give optimal ex- 
tinction ratio in that light source (e.g. 10dB or better), 
and to operate the laser over the linear part of its char- 
acteristic: the modulation will be varied and must be pro- 
portional to the level from the synthesizer and the laser 
must not be allowed to turn all the way off or on. The 
second VOA 126 is adjusted till a high BER reading is 
obtained at the BERT 1 1 0/1 20 (typically 1 0- 4 ). As a com- 
promise between accuracy of extrapolation and speed 
of measurement, it is desirable to restrict the BER to this 
order of magnitude or lower. The modulation level is 
then set to four other values of peak-to-peak (p-p) volts 
yielding a BER between 10 -4 and 10 8 , giving a total of 
five points including that for 10" 4 . These five measure- 
ments of BER versus sinusoidal p-p amplitude are re- 
corded for further computation. The number of points is 
chosen as a reasonable number to be able to draw a 
straight line in the Q domain. 

[0014] Using this method it is necessary to compen- 
sate for any gain error in the opto-electrical conversion 
in the data transmission link receiver 1 1 8 caused by the 
disturbing laser. This is done by measuring the operat- 
ing point (the power from the laser 112 alone which ac- 
tually enters the receiver, i.e. with the disturbing laser 
1 24 switched off) at a power level from the laser trans- 
mitter 1 1 2 which generates a high error ratio (say 10" 4 ), 
and with switches S1 and S2 open. This measurement 



is compared with the operating point measured for a 
transmitter 112 power level which generates the same 
error ratio, but with S2 closed and S1 still open. This 
gain change is recorded for further computation of the 
5 complementary error function erfc. 

[0015] In summary method 1 comprises the following 
steps: 

1) With S2 open, set the attenuator 114 so that the 
10 operating point of the equipment under test is at the 

design operating value (by reference to the power 
meter 1 30). Close S1 ; adjust the synthesiser 1 22 to 
provide the maximum modulation of the laser 124, 
consistent with linear operation of the laser; record 
output level of the synthesiser 122. Close S2; adjust 
the attenuator 126 to yield an error ratio sufficiently 
high for rapid measurement, e.g. 10 -4 

2) Measure five values (or other suitable number) 
of BER vs p-p volts between 10 -4 and 10 -8 , with S1 
and S2 closed, by reducing the output level of the 
synthesiser 1 22 to obtain each successive BER val- 
ue 

3) Adjust the attenuator 1 14 to give an error ratio of 
10- 4 (or other suitable value) with S1 opened and 
S2 closed; measure and record the operating point 

4) Adjust the attenuator 114 to give the same error 
ratio, with S1 and S2 open; measure and record the 
operating point 

Method 2 

[0016] The second method has the same first step as 
Method 1. The sinusoidal amplitude of the drive signal 
for the laser transmitter 1 24 is then held constant for the 
remainder of the test. The second VOA 126 is now ad- 
justed to obtain four more values of VOA2 setting which 
yield BERs between 10" 4 and 10 8 , giving a total of 5 
points. The five measurements of BER versus attenua- 
tion are recorded for further computation. 

1) With S2 open, set the attenuator 114 so that the 
operating point of the equipment under test is at the 
design operating value (by reference to the power 
meter 1 30). Close S1 ; adjust the synthesiser 1 22 to 
provide the maximum modulation of the laser 124, 
consistent with linear operation of the laser; record 
output level of the synthesiser 1 22. Close S2; adjust 
the attenuator 1 26 to yield an error ratio sufficiently 
high for rapid measurement, e.g. 10 -4 

2) Measure five values (or other suitable number) 
of BER vs attenuation (attenuator 126) between 
10 4 and 10- 8 , with S1 and S2 closed, by increasing 
the attenuation of the attenuator 126 to obtain each 
successive BER value 

[001 7] The analysis of the measurements to derive an 
estimate of the actual link BER involves first deriving a 
value for the "Q factor" (a signal-to-noise value which is 
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related to the BER) for each BER measurement, plotting 
Q factor vs interference signal strength, and extrapolat- 
ing the plot and identifying the intercept for zero inter- 
ference. This derivation is described in the paper by 
Palacharla et al cited above. In the case of Method 2 the 5 
attenuator settings must be converted to a linear meas- 
ure related to the amplitude of the interference signal: 
the modulation level for step 1 ) is known, and the relative 
levels for the other BER measurements can be deter- 
mined from the respective VOA2 setting relative to the 10 
VOA2 setting for step 1). 

[0018] The residual error ratio (also known as back- 
ground error ratio or dribbling error ratio) can be esti- 
mated from equations (2) or (7) in the paper by Palach- 
arla et al. However the corresponding operating point is 
measurements are different for the two methods. In the 
case of Method 1 , the operating point to which the error 
ratio applies must be offset by the gain error determined 
at steps 3 and 4 above. This gain error is computed by 
subtracting the attenuator setting at step 4 from that at 20 
step 3, and is in turn subtracted from the operating point 
value. In the case of Method 2 the correction for the gain 
error is intrinsic to the method. 

[0019] The noise floor varies depending on the oper- 
ating point of the measurement. A number of points can 25 
be measured to produce a plot of Q versus operating 
point. This plot can be used in a verification situation to 
ensure the characteristics of a product do not vary as a 
result of component tolerance or temperature. Thus it is 
not necessary to go back to plotting and extrapolating 30 
an erf c curve to ensure the measurement is within limits. 
A limit can be set directly in terms of Linear Q versus 
Power for a particular design. 



dal, as described, or it is envisaged that square 
wave or trapezoidal modulation may be used. 
The modulation is applied to the laser 124 using a 
synthesizer 122, which should be amplitude stabi- 
lised and of good harmonic performance (harmon- 
ics 40-50 dB down on the fundamental signal for a 
sine wave, or a signal with (sin x)/x characteristics 
for a square wave). Although it is desirable for the 
modulation waveform to be symmetrical about the 
mean, absolute symmetry is not believed to be a 
requirement.An external, optical-domain modulator 
can also be applied to the output of the light source 
and driven from a synthesizer. 
The extinction ratio (ratio in dB of maximum signal 
level to minimum signal level) of the light source 
must be at least 1 0dB. The effect of poor extinction 
ratio would be to reduce the gain of the disturbing 
light source. 

Sine-wave modulation must be linear, especially for 
Method 1 , i.e. it must have low harmonic distortion. 
An opto-electrical converter and an oscilloscope 
can be used to check the distortion. 
Whatever modulation scheme is used, it must have 
good amplitude stability and linearity. 
The modulation frequency must be above any low 
frequency cut-off point of the receiver bandwidth, 
but not so high that any error opportunities are 
missed. The frequency should be asynchronous to 
the bit rate in the BER test signal so all error oppor- 
tunities are exposed. 

The duration of the measurement should be such 
that all measurement opportunities are exposed at 
the relevant modulation frequency. 



Interference light source 124 

[0020] As described above, this can be a laser of sim- 
ilar wavelength to the laser in the network element 
112/118 under test, but not exactly the same wave- 
length. Unless there is sufficient wavelength separation, 
a coherent light source (such as a laser) can cause in- 
terference beat frequency and amplitude products that 
may disturb the measurement accuracy. A minimum 
separation can be specified by correlating measure- 
ment accuracy versus wavelength separation, for exam- 
ple by empirical tests. An Optical Spectrum Analyser is 
used to ensure that an acceptable separation is 
achieved in practice. 

[0021] Alternatively the interference signal source 
can be a light emitting diode (LED), for example for 
measurements at lower power levels. 

Modulation techniques 

[0022] The modulation of the light source 124 must 
have several properties: 



40 



35 Variable Optical Attenuator 1 (VQA1) 114 



[0023] The VOA 1 1 4 simulates the worst case of net- 
work attenuation. However the effect of chromatic dis- 
persion (CD) and polarisation mode dispersion (PMD) 
can be simulated by the replacement of some of the at- 
tenuation by optical cable as long as the operating point 
is known. Up to 85km of fibre (typically) on 2.5Gb/s sys- 
tems can be inserted in this path. If a long link including 
repeater amplifiers is being simulated, iridium doped 
amplifiers can be included in the optical path traversed 
by the BERT test signals. Reflectance simulation kits 
can also be inserted into the line prior to the combiner 
116. 
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Variable Optical Attenuator 2 (VOA2) 126 

[0024] This is set so that with the laser modulated for 
maximum extinction ratio (both methods) the error ratio 
for the system being tested is increased to about 1e-4 

Splitter 128 



The amplitude modulation scheme may be sinusoi- 



[0025] This optical splitter is used by optical power 
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meter 130 to measure the input signal power to the re- 
ceiver being tested (with S2 open). It can also be used 
for initial setting of the interfering source to a suitable 
power level when S2 is closed. The losses in the paths 
to the receiver input and power meter must periodically 
be measured and used in calibrating the system to en- 
sure accurate reporting of the receiver input power. If a 
90:10 splitter is used then the connector loss plus 1dB 
is typical in the line path, and connector loss plus 10dB 
in the path to the power meter. 

Power meter 1 30 

[0026] This is calibrated by connecting the power me- 
ter 130 to the 90% output of the splitter 128, in place of 
the input to the optical multiplexer 112/118, with the 
switch S2 open. The power reading is noted, and then 
repeated with the power meter 130 reconnected to the 
10% output of the splitter 128. The difference in the 
readings is used for calibrating the power meter read- 
ings in Method 1 and Method 2. 



Claims 

1 . A method of measuring bit error ratio of digital data 
transmission equipment, comprising the steps of: 

applying a bit error ratio test data stream to a 
signal path through the equipment; 
coupling an interfering signal source into the 
signal path; 

acquiring a plurality of measurements of the bit 
error ratio of the equipment for a respective plu- 
rality of interfering signal levels; and 
estimating the bit error ratio of the equipment 
in the absence of the interfering signal, from the 
plurality of measurements of the bit error ratio 
and incorporating compensation for gain error 
introduced by coupling the interfering signal 
source into the signal path. 

2. The method of claim 1 , including the step of deter- 
mining the gain error introduced by coupling the in- 
terfering signal source into the signal path. 

3. The method of claim 2, wherein the gain error is de- 
termined by: 

making a first measurement of a power point of 
a receiver in the equipment for a predetermined 
bit error ratio, without the interfering signal 
source coupled to the signal path; 
coupling the interfering signal source into the 
signal path; and 

making a second measurement a power point 
of the receiver for the predetermined bit error 
ratio. 



4. The method of claim 1 , compensation for gain error 
is incorporated by: 

making a first measurement of a power point of 
5 a receiver in the equipment for a predetermined 

bit error ratio, without the interfering signal 
source coupled to the signal path; 
applying differing levels of attenuation to the in- 
terfering signal to produce differing levels of bit 
10 error ratio. 
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